The reaction of phycocyanobilin dim ethylester (1 a) with ethanethiol is studied. The spectral shifts during a slow reaction correspond to the disappearance of the double bonds at the ethylidene group (595 -> 580 nm) and at the m ethine bridge between rings B and C (365 -► 395 nm ). Chromic acid degradation of the reaction products reveiles that the thiol has been added at the ethylidene double bond yielding two stereoisomers as expected. The reaction is considered as a model reaction for the presum ed last step of phycocyanin biosynthesis, namely the form ation of the thioether between cysteine residues of the apoprotein and phycocyanobilin.
Phycocyanins are accessory pigments of photo synthesis in red (R hodophyta), blue-green (Cyanophyta-Cyanobacteria) and cryptomonad (Cryptophyta) algae [1, 2 ] . These pigments are chromo proteins in which the chromophore is covalently attached to the protein. Cleavage of the chromophoreprotein bond by a variety of methods yields the free chromophore phycocyanobilin * (1 ) characterized by an ethylidene side chain at ring A [3 -10] . Struc ture 1 has been confirmed by total synthesis [11 -13] . The chromophore in situ 2 contains a thioether linkage at C-31 (i. e. the side chain of ring A ) . This has been deduced from the following data: spectral characterization showed the absence of the ethylidene group in situ [1 4 ] . Sequence analysis reveiled cysteine as the linkage amino acid in all cases [2, 15, 1 6 ] . Comparison of the elimina tion reaction 2 -^1 with phycocyanin and model compounds did not only prove the thioether linkage [17] but also allowed deduction of the absolute configuration at the chiral centers C-2, C-3 and C-31 [1 8 ] .
When the rhodophyte Cyanidium caldarium is incubated with 5-aminolevulinate, the cells synthesize and excrete the free phycocyanobilin 1 [19, 2 0] . The chromophore with ethylidene group is therefore believed to be an interm ediate in the phycocyanin R eprint requests to Prof. Dr. W. Rüdiger.
*
W hereas the chromophore in situ (2) has been named phycocyanobilin by all authors, the term phycobiliverdin has been introduced for the cleaved chromophore 1 [8] . This name, however, has not been recommended by the IUPAC-IUB Commission of Biochemical Nom enclature and is there fore replaced here by the term phycocyanobilin for 1.
0341-0382 I 79 / 0300-0192 $ 01.00/0 biosynthesis; the form ation of the thioether linkage should then be the last step of the chromoprotein biosynthesis [2 0 ]. This implies that the ethylidene compound easily adds thiols to form the thioether.
Protein v"V Only the addition of methanol at the ethylidene group of 1 has been described [9, 12, 13] . We describe here experiments to check the reactivity of phycocyanobilin with ethanethiol.
M aterials and M ethods
Phycocyanobilin dimethyl ester ( l a ) , obtained by total synthesis [12, 13] was a gift from Profes sor Gossauer. For spectral measurements, 1 -3 mg l a were dissolved in 10m l ethanethiol. Spectra were recorded with a spectrophotometer type DB-GT (Beckman, München) after various incuba- 
R esu lts
Phycocyanobilin dimethylester ( l a ) can easily be dissolved in ethanethiol. The pigment reacts with the solvent as shown by spectral shifts ( Fig. 1 and Table I ) . The red band is shifted in a fast reaction from 600 -630 nm (two bands) to 595 nm and then slowly to 580 nm. The slow reaction corresponds to the disappearance of the ethylidene double bond [1 4 ] . Moreover, the blue band is shifted from 365 nm to 395 nm. This corresponds to the form a tion of a bilirubinoid pigment, i. e. addition of the thiol at the middle methine bridge. Such a reaction type has been demonstrated and investigated in detail with thiols and other reducing agents [2 5 ]. Some by-products are also formed as indicated by shoulders in the absorption spectra of the reaction mixtures. This is confirmed by thin-layer chromato graphy: l a (blue spot) disappears after several hours reaction time. A number of slower and faster m igrating pigments appear instead of which a violet pigment predominates if the reaction is carried out at room tem perature.
Because several of these pigments may contain ethanethiol added at the ethylidene double bond (i . e. structure 3 a / 3 b ) no preparative separation of pig ments was tried but the pigment mixture was directly applied to chromic acid degradation. This should yield the known sulfone imides 4 a and 4 b if the presumed addition of ethanethiol has taken place.
Analysis of the chromic acid degradation of 1 a by thin-layer chromatography [2 2 ] yields the ex pected products ethylidene methyl succinimide (5 ), ethyl methyl maleimide (6 ) , and hematinic acid imide methyl ester (7 ) . After reaction of 1 a with ethanethiol either at room tem perature or under reflux for 18 -24 hours, chromic acid degradation still yields 6 and 7 but 5 cannot be detected any more. This proves that the ethylidene group of 1 a has been quantitatively removed by the reaction with ethanethiol. The expected addition to 3 a/3 b is proven by detection of the imides 4 a and 4 b in the degradation mixture. 4 b is identified not only by TLC but also by mass spectrometry (Table II) . The yield of 4 b has been higher in all experiments than that of 4 a. Products of an eventual angular addition of ethanethiol [2 1 ] -the thioether formed at first should be oxidized to the sulfone 8 under the ap plied conditions -cannot be detected in the reac tion m ixture. However, an unknown product X is formed which migrates in TLC near to 5. According to its mass spectrum (Table II) it is presumably no succinimide or maleimide. It could be derived from a pigment which has added ethanethiol at one of the methine bridges. 
Discussion
The ethylidene side chain at ring A is unique for plant bile pigments. It is formed during cleavage of the chromophores from the protein by an elimina tion reaction of the thioether (structure 2 ). The formation of the thioether linkage starting with a bile pigment which contains an ethylidene group has never been described although such a reaction has been assumed to be the last step of phycocyanin biosynthesis [2 0 ] . It is demonstrated in the present paper by spectral investigation (Fig. 1, Table I ) and thin layer chromatography that phycocyanobilin dimethyl ester reacts with ethanethiol to a variety of pigments. Because some reactions (e. g. the wellknown reduction and addition at the middle methine bridge [2 5 ]) may occur independent of a possible addition at the ethylidene group only the latter question was investigated by analysis of the oxida tion products.
The detection of the expected oxidation products 4 a and 4 b clearly proves that the addition of the thiol has occurred at the ethylidene double bond. Furthermore, it shows that the addition occurs at the expected position, namely C-31 and not at the angular position C-3. Such a specific addition has been explained in the case of the imide 5 by nucleophilic attack of the thiolate anion to the polarized ethylidene double bond of 5 [2 1 ]. It is not clear whether this explanation holds also for the reaction of the pigment 1 a because the ethylidene double bond is not necessarily polarized in 1 a. The thiol apparently attacks 1 a from both sides leading to be stereoisomers 4 a and 4 b. This again is analogeous to the reaction with the imide 5 [17, 18] . However, both reactions are different concerning the relative yield of products: 4 a and 4 b are formed in equal amounts starting from 5, whereas more 4 b than 4 a is formed from 1 a. This could be due to steric hin drance in 1 a which is not found in 5 or to kinetic selection: if the addition were reversible, the isomer 3 b should be accumulated with time because the elimination (to 1 a) presumably takes place easier with 3 a than with 3 b. Such a difference in the elimination has been found at least with the stereoiso mers 4 a and 4 b [1 8 ] . The isomers 3 a (with the configuration in the native biliprotein) should be selected during biosynthesis by enzyme specificity.
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